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I, IKTEODUCTICN 

In the past ten yesrs, a tremendous amount of work has 
gone into the investigation of the attenuation of gamma 
radiation. The prcblcin of gacsca ray attenuation would be 
rclativily simple if it were laerely an absorptive reaction. 
Kowever, it is complicated greatly by the energy dependence 
and by the variety of interactions of gamma rays with matter. 
Because of the different types of irteractions, the attenua- 
tion of gasssa rays does ,not lend itself particularly wtli to 
experimental determinations and the acre detailed and exact 
results have been determined theoretically. 

With the advent of improved ccuntln. techniques sub- 
sequent to it has been possible to obtain aor© accurate 

experimental results. Kowev*r, moat of the cxperiRcnts have 
been performed using a highly collimated beam of monocnergetic 
gnsisaa rays and recording the half thickness, cr absorption 
coefficients, of the absorbing material with regard to the 
total amount of elactromagnetlc raliaticn issuing frer. th© 
material. Due to the various Intoraction processes, the 
electromagnetic radiation coming from the absorber covers 
the entire energy rane© from the energy of the Initial ganma 
ray through the x-ray region. 

The variation cf thm eucr y sp- drum of -aiama radiation 
with increasing absorber thickness is of particular interest 
since this variation is not constant ovr the energy range. 
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With the development cf improved garfisia ray scintillation 
crystals, photo multipllGr tubes, and roccrdinf’ spectrometers, 
it is possible to obtain a rather accurate gamma ray energy 
spectrum using a fairly low intensity source of gamma radi- 
ation. 

Sine© gamma ray sources are not collimated in normal 
use, and since there is some debate as to the degree of ed- 
ucation that can actually be obtained, it was decided not 
to collimate the source in this investigation. This idea 
led to a rather simple experimental setup closely approximat- 
ing a scintillation detector being placed against the cut- 
side of a radiation shield. Lead was chosen as the absorb- 
ing material, since it is the primary material used Ixi gamma 
ray shielding. 

If the variations in the energy spectrum with absorber 
thickness, using this setup, could b© correlated with exist- 
ing theory, it v/culd provide a relatively simple experimental 
method of determining information cn the attenuation of gamma 
radiation. 



m 

k 



€»• 4MI| 




jitjy ^ aiir Oarilini !•' #1 



•MAiUM f»| 

ttliv ^ 

-uhi^ I*! MfMiOtoi ^ u^ ir^f* r« ifi*ii«i 

«%<ii ytm^tHm m a in«iw •«! 

,mUiJ$m 



3 



II. REVI.W CP Till: LITIBATCRE AKD TEEOri 

Volumes of literature have been published cn interac- 
tions of grmsia rays with matter. Ko attempt was Eivade to read 
through all of this material. Only a few of the more ac- 
cessible and acceptable articles, dealing with the various 
aspects of the problem, were chosen for review. 

It would be rather pointless to attempt to cover the 
detailed theory of the various gamma ray interactions. 
Eeferences to the detailed theory will be given and seme of 
the core important equations and results will be shown. 

A. General 

There are several good references on the fundamentals 
of gaiama ray interaction processes. For basic understanding 
Fano (1), Friediander and Kenn€Miy (3), Kaplan (11), and Segre 
C19) present a comparatively simple approach to the overall 
problem. Heltler (6) gives a broader treatment of the prob- 
lem but is more difficult to follow. One of the latest 
general works cn the attenuation of gamma rays by Goldstein 
(4) contains excellent material in all phases of the problem: 
Including prisKsry and secondary effects, recent mass absorp- 
tion coefficients, and seme methods of calculation. 

B. Photoelectric Effect 



In the photoelectric process the Incident photon trans- 
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fcrs all of Its energy tc one of the atoraic rlectrcns, eject- 
ing it with an energy equal to the energy of the incident 
photon less the ionization energy of the electron. There- 
fore, in order for the process to occur, the energy of the 
incident photon must be greater than the binding energy of 
the electron. Since the blndirig energy of the electrons is 
small for low elements and increases approxinoatoly as Z , 
the photoelectric effect is much nor© important in the higher 
Z elements. When the electron ia ejected from its shell in 
the atom, an electron from the nvixt outer shell drops into 
its place and a photon is emitted with enargy equal to the 
differonc© in binding energy of th© two electron shells. 

When photon energies are large comparod to the ioniza- 
tion energy, the electron appears lightly bound and the photo 
electric process becomes less probable. Heitlcr (6) shews 
the quantum jaechard.c»l derivation of formulas for th© prob- 
ability that a photon of a particular energy will undergo 
photoelectric absorption. Kaplan (11) gives the simplified 
formula for th© photoelectric cross section per atom 

aCr a 0 qZ^(1/137)^ hf2 (m^c^/hT/ , (1) 

2 

where txV is the energy of the incident photon, m^c is the 
rest energy of the electron, Z is the atomic number of the 
absorbing material, and 0^ is the Thompson scattering unit 

0- = 8TT/3 (e^/m^c^)^ = 0.66? barns (2) 

V O 
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Tho values of ^ O’ obtained fresj this formula are only ac- 
curate for photon energies in the neighborhood of 0*5 Hev 
and Eore rigorous formulas crust be used for energies differ- 
ing appreciably from this value. 



C. Compton Scattering 



The Compton effect is the scattering of photons by free 
electrons. The main source of difficulty in the calculation 
of gamma ray attenuation is caused by thci change in direction 
and energy of the incident photons in this scattering process. 
Kaplan (11) gives the energy of a photon scattered at a given 
angle; 

hjy R , (3) 

1 h (1-cose) 



or In terms of electron rest mass energy, 



“ 1 ^ ( 1-cose) » 



( 4 ) 



The quantum mechanical development of the Klein Nlshina 
formula for the probability that Compton scattering will oc- 
cur Is shown by Heitlor (6). The equation for total scatter- 
ing cross section per electron is 

Cl + f2E^(l ■»“ 1 



1 ^ 3E. 



(1+2E^)^ 



( 5 ) 
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where is In electron rest siass units and 0^ is ^iven by 
Equation 2. The differential cross section for scattering 
by a given angle, per unit solid angle, is given by 

CT(e)dO = ^ • <6) 

Latter and Kahn (12) have compiled tables for the values of 
the differ ntlal cross section and Helxas (l6) aade an exten- 
sive set of graphs of Compton energy angle relationship and 
the differential cross sections for various scattering angles 
and initial photon energies. 

From Equation 5, it can bo seen that the total scatter- 
ing cross section per electron is Indsprndent of Z and there- 
fore the cross section per atom varies as Z, It can also be 
shown from this equation that the total scattering cross 
section increases with increasing photon energies. 

D. Pair Production 

In pair production the entire energy of the incident 
photon is transformed into the creation of an electron - 
positron pair. The kinetic energy of the pair is equal to 
the energy of the incident photon nsinus twice the rest mass 
of an electron. Therefore, the threshold for pair production 
is or 1.022 Mev. Segre (19) has a good development 

of this process, showing th© increase in the effect with Z 
and energy. 
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Since th© energy of the source used in this investiga- 
tion was below th© threshold energy, th© effect of pair pro- 
duction could be neglected. 

E. Secondary Interaction Processes 

There are several secondary processes of photon inter- 
action with matter. These are coherent electron scattering, 
annihilation radiation, fluorescence radiation, bremsstrah- 
lung, Thomson scattering from the nucleus, potential scatter 
Ing, coherent molecular or crystal scattering, nuclear inter 
action, ar^d radiative corrections to lower order processes. 
Goldstein (4) discusses each of these processes aM shows 
why they can be neglected for actual celculsticns of gaimaa 
ray attenuation. 

F. Gamma hay Absorption Coefficients 

If a beam of photons of flux density I strikes an ab- 
sorber which has thickness x, n number of atoms per unit 
volume, and a collision cross section of <y, then the number 
of collisions made in a path length dx by photons passing in 
unit tine through unit cross sectional area of the b^sra Is 
ICTn dx. Using the macroscopic absorption coefficient , 
equal to n <r, this value is I^dx. If the collisions are 
purely absorptive, this number of collisions must b© equal 
to the decrease in the flux density I over the distance dx: 



8 



~dl = I// dx (7) 

Th© solution to this slnple diffcrer.tial equation is the well 
known absorption law 

I s (8) 

Since the gansraa ray interaction processes are not 
completely absorptive, Iquaticn 7 docs net /^ive the actual 
decrease in flux density. Therefore Iquaticn 8 dots not 
describe the attenuation of the total bean, but gives the 
flux density of these photons which survive without having 
made any collisions. 

The total photon cross section is the sum of the cross 
sections for photoelectric effect, Compton scottering and 
pair production: 

CT - (TpE + CTc ^ (Tpp (9) 

This total cross section is normally expressed as the mass 

p 

absorption coefficient,^ , in units of cia‘/g. Kuncrous 
tables of absorption coefficients have been made, based in 
varying proportions on calculations and measurements with 
narrow beam geometry. Latter and !Cahn (12) made an extensive 
compilation in 19^+9 • The compilation made by V<hite (22) is 
cno of the cost recent and is believed to be accurate within 
2 per cent. 
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G, Methods of Calculating Garosa Kay Attenuation 

In order to calculate the attenuation of gascoa radiation 
it is necessary to know how laany photons are going in what 
direction with what energy at any point. This is given by 
a flux density function of position, energy and direction, 

N (r, K,n). This function is defined so that W(r, E,n) 
dFdn gives the number of photons at r, with energy E In 
range dE, going in tho direction specified by the unit vector, 
ii, within the element of solid angle dll, which cross in 
unit time a unit differential element of area whose normal 
is in the direction fi . This value of K is normally called 
the angular number flux. Corresponding is the angular energy 
flux, I (r, E,n) which refers to the energy carried by the 
photons rather than to their number. This angular energy 
flux is equal to EM. 

Goldstein and Wilkins (5) show the derivation of the 
equation for the transport of gamma rays in terms of I: 

V*ni+//I*|jl(r,E»0’ )n dfl»+S(f,F,5), (10) 

where (rCn'-^O, K’-^E) is the differential cross section 
for scattering from the direction /I ’ to O and from the 
energy E' to E, and S(? E,0) is tho energy source function. 

The complicated form of Equation 10 insures that any ac- 
curate method of solvin? the transport equation will involve 
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extensive cosaputations* Wei ton (21) reviewed some of the 
Dothods that have been used up to 1955. Fane and Nelms (2) 
developed a siiEplified solution in 1957j but It is only ap- 
plicable to photons of energy less then 0,5 and fairly 
low Z absorbers. At present only three successful notheds 
have been developed. 

The method of successive scatterings uses the calculation 
of the unscattered flux to obtain the collision density for 

the first scattering. By treating tho scattered photons as new 

■% 

sources, the flux of singly scattered photons can be found. 

This process can be repeated until all photons making contribu- 
tions to the flux arc Included* After the first scattering 
this procedure becomes quite involved, Peebles (17) and Pee- 
bles and Plesset (18) have carried this method the farthest 
and give results obtained for lead and iron slabs. 

The Monte Carlo technique consists of theoretically 
tracing the life history of a large number of photons. Fach 
step in the history is chosen at random from the known prob- 
ability distribution for the given event, Hoyer (lb) has 
brought together a number of papers on the Konte Carlo tech- 
nique including some results of its application to several 
shielding problems. 

The method of moments was developed by Spencer and Fano 
(20) in 1951. ^^t consists primarily of expanding the angular 

flux in terms of Legendre polynomials and integrating over 
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all solid angles. Goldstein and Wilkins (5) have applied 
this method to an extensive program of gaimaa ray sttenusticn 
calculations with excellent results. 



•• • * 

• 4 » 



M 



60 ^ 

•• 



12 



III. ciiUip?r:'fr a?;d ?i.ocDDmr 



The equipment used in this investigstion and the experi- 
mental arrangement are shewn in Figure 1. A detailed descrip 
tion of the equipment follows. 

A. Source 



The source chosen for this cxperiKcnt was of cesium- 
barium 137« This isotope pair emits a mcncencrgctic gan::ia 
ray with an energy of 0,jS62 Hev due to th'* decay schemes 
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0. 52 Mev (3 



0.o62 Ilav . 



Due to the long half life, the source remained essentially 
constant over the period of the investigation. The source 
consisted of a thin lay'*r of cesium, one inch in dlanetjr, 
on an aluninun planchet. The strength of the source was ap- 
proximately 0.1 millicuries; the exact strength was net 
Important since only relative values were needed in this 
investigation. The aluminum planchot was mounted ever a hole 
in a wooden stand to minimize scattering. The source was 
left at a constant distance of one Inch from the scintilla- 
tion crystal. 
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Figure 1. Experimental equipment 

A* Source 

B. Lead absorber 

C. Crystal and adapter 

D. Basic probe 

E. Spectrometer 

F. Scaler 



14 




s 








1 ? 



3. Absorbers 



Lead was used as absorbinrj material. It vias in the 
rora cf three inch squar'-a cf varying thicknesses, ihe thici 
ness of these lead plat 03 was measured in grans per square 
centimeter? the aiaxlBum thickness beino 1 h. 7 g/cia or about 
1/2 inch. The absorber in use was held against the face of 
the scintillation crystal by a wooden bracket. 

C. Detector 

The detector used in this experiment v;as the kuclear- 
Chlcago Kodel DS5 Versatile Scintillation Counter which v/as 
designed for operation with scalers, rate meters, or dif- 
ferential pulse-height analyzers. This detector consists of 
three parts? the basic probe, a crystal adapt- r, and the 
scintillation crystal. 

The basic probe is made up of the housing, inner lead 
shielding, photo multiplier tube, rroamplifior circuit, and 
the attached cables. The photo multi j5lier tube is the KCA 
type 065 . Merton (15) gives a good discussion cf the use of 
this type of tube for scintillation counting. 

The AJtcS crystal adapter used for the well type crystal 
consists cf the housing which screws on to the DG5 basic 
probe, a light pipe, and an internal lead shielding ring. 

The scintillation crystal used was th© AT2ViO well-type 
crystal. This is a thallium activated sodium iodide crystal 
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hermetically sealed in a 1/32 inch alimimim can. The dimen- 
sions of the crystal are 1-7/8 inches in diameter by 2-1/b 
inches thick with a 21/32 inch diameter well 1-1/2 inches 
deep. This crystal was primarily designed for use with test 
tubes and centrifuge tubes. Due to the geometry of the ex- 
periment, the well had no effect on the results. 

Hofstadter (7» 8), Hofstadter and McIntyre (9) and Jordan 
and Bell (10), who have done a vast amount of investigation of 
acintillRtion materials, recommend the thallium activated sodi- 
um iodide crystal as the best available for gamma ray detec- 
tion. They estiPiate the detection efficiency of this type of 
crystal to be approximately 45^, depending on geometry. Maed- 
er and Winterstleger (13 ) used this type of crystal in the 
investigation of gamma ray spectra with excellent results, 

D, Spectrometer 

The scintillation detector was connected to a Kuclear- 
Chicago Model 1820 Recox-dlng Spectrometer. This is a single 
channel differential pulse-height analyzer which autoraatlcal- 
ly scans the pulse height spectrum and graphically records 
the input pulse rate versus pulse height on a paper strip 
chart. This instrument consists of a radiation analyzer, a 
count rate meter, and a recorder. 

The pulses from the scintillation detector are fed Into 
a linear amplifier in the radiation analyzer and then into 
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both cf two sp’plitudc discrininatin,. circuits. I'hc base 
levpl discriminator sets the voltage level below which all 
pulses are rejected. The base l&vel can be adjusted from 
1 to 100 volts by the base level control. From the known 
pulse height cf a source » the base level can be calibrated 
by Dsans of a high voltage control. Ihe upper discriminator 
is referenced to the base level discriminator. A voltage 
of from 0 to 10 volts above base level voltage can b© set by 
means of the window width control. Both of these discrimi- 

■a 

iiQtors feed into an anticoincidence circuit which rejects 
pulses received simultaneously frea both discriminators and 
passes only those pulses received alone from the base level 
discriminator. For operation as a rccordini: spectrometer, 
scar^nlng of the radiation energy range is produced cy a linear 
sweep of the base level discriminator voltage. This is ac- 
complished by motor driving the base level control at a 
standard rate cf one-half hour per complete scan. 

The selected pulses from the radiation analyzer are fed 
into the count rate unit which provides a controllable amoimt 
of integration. The output signal, which is proportional to 
the number of pulses per minute, is fed to the visual meter 
on the front of the spectrometer and also to the chart re- 
corder. 

The recorder is used to obtain a large linear presenta- 
tion of the radiation spectrograms. The input signal is fed 
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into a self balancing d-c potcntiOEseter which drives th® 
rtcordin^ pen. lh@ count rate is then indicated by pen dis- 
placement, and the radiation energy is represented by the 
distance along th© timo axis of the chart. 

E. Scaler 

Due to the fluctuation of the count rate js^st'.r, the base 
level vclta e can be sore accurately calibrated by attaching 
a scaler to the radiation analyser. A standard buclcar- 
Chlcago Model 181A Sealer was usad for this purpose’. 

F, Method of Obtaining Data 

The apparatus was arran. ed cn a table as shewn in Figure 
1. The table w&s placed in thv. cent-.r of tho rcosi to nirdnslso 
scatterinj from tho walls. After allowing the equipia^ nt tiia© 
to warn up, the source w&s placed in positicn, and the spcc- 
tremeter was calibrated for o62 k.#v by ad^ustin? th* high 
voltage until the naxinun count rate was obtained cn th® 
scaler. For all runs the spectrometer was S'-t with a rain 
of Usl, a count rate rant# of 30, COO counts par r^inute, a 
window width of one volt, and a tiu© constant of two seccruis. 

Vith th© apectroEutcr adjusted, the base level control 
w«as set at leaxlnu® pulse height , correspendinf to 1 Mev. A 
lead absorber was then placed in the holder aiu the chart 
and base level drive turned cn. 
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After th© first few sample rui-s, it became apparent that 
the spectremeter was extremely sensitive to siaall line 
voltage fluctuations and small temperature changes. The 
fluctuation in line voltage was corrected by the use of a 
voltage regulator. By allowing a warm up period of at least 
an hour and a half, the temperature of the spectreraetor was 
stabilised. However, small changes in room temperature were 
still enough to cause an appreciable chan?:© in the peak pulse 
height. Therefore, it was necessary to calibrate the spec- 
trometer before and aftoV evei'y run, and discard the results 
if it was found that the peak pulse height had shifted during 
the run. 

The data were obtained in the form of radiation spec- 
trograms at varying absorber thicknesses. 
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IV. Br3U..lS Mu DISCU3SICS 

A. General Characteristics of the Spcctrogi'ams 

Soae of the spectro-jrams obtained In tills investigation 
are shewn in Figures 2 through 11. The changes in the acount 
and energy of the penetrating radiation with variations of 
absorber thickness nre shown graphically in these figures. 

A groat amount of the scattered radiation appearing at the 
lower energy regions in Figure 1, with no absorber, is due 
to the lead shielding in’ the scintlllnticn detector. Since 
about half of the source radiation Incident on th© scintil- 
lation crystal passes through undetected, it will net be 
absorbed in the crystal. The lead liner will scatt.r seme 
of this undetected portion back into the crystal causing 
low*r energy scintillations. The effect of this internally 
scattered radiation will be discussed along with th© effects 
of the absorber at differc^nt energy ranges of the spectro- 
grams . 

The predominant peak on all of the spectrograms, at 662 
k©v, is a measure of the number of unabsorbed ard unscattcred 
photons reaching the detector. The decrease in this peak 
with lead absorbi^rs in place is a measure of the number of 
photons which are both scattered arxd absorbed. 

Proceeding down the energy scale, tho effect of Compton 
scatter in? becomes apparent. In Figure 2, with no absorber, 
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this scattering is duo to the internal scattering in the 
detector. 

There are two contributions to the internal Corspton 
scattering. The first contribution is frcjs tho interaction 
of the gaiEsa rays with the scintillfitlon crystal. If a 
photon is scattered in a collision viith the iedino in the 
crystal, the scattered photon laay be absorbed in the crystal 
or it may penetrate on through the cx*yatal. If the scattered 
photon is absorbed, th® detector will register the complete 
interaction as a single pfilse with a height equal to the 
energy of the Incident photon. However, If the scattered 
photon penetrates through the crystal, th© detector will 
register a single pulse with a hei ht equal to the energy 
lost by th© incident photon in the scattering collision. 

Since th® higher energy photons have a greater tendency to 
penetrate the crystal without being absorbed, the effect will 
bo more pronounced for collisions at small angles. These 
low angle collisions cause little energy loss to the photons 
and the detector vjill reglst r a greater amount of this type 
of internal Compton scattering in the lower energy range. 

With no absorber, this contribution to the internal Compton 
scattering will vary directly with the peak height of the 
062 kev peak. 

The second contribution to the internal Compton scatter- 
ing is due to the liner of the detector. Part of the gamma 
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rays incident on the scintillation crystal will penetrate the 
crystal with no interaction. Some of these will be scattered 
back into the crystal by the liner. Sine© a photon would 
have to be scattered at an angle of at least 90** to get back 
into the crystal, the effect of the internal scattering should 
appear at an energy corresponding to the energy of a 662 kev 
photon scattered at 90^ and be fairly constant at all lower 
energies. Using Lquation 4, this energy was calculated to 
be 400 kev, which agrees quite well with the energy where 
the internal scattering occurs in Figure 2, This internal 
scattering should vary alncst directly with the number of 
unscattered photons incident on the detector. Therefor© the 
contribution of the internal detector scatteririg to tho 
spectrographs will vary proportionately as tho height of the 
662 kev peak. However, with tho lead absorbers in place, 
there is added tc the internal scattering a contribution from 
the scattering occurring in the absorber. This addition can 
b© easily seen by comparing Figure 2 v/ith Figure 11. In 
Figure 2, the height of the Compton scattering is 28 per cent 
of the height of the o62 kev peak compared with 43 per cent 
for Figure 11. 

At lower energies, there are other effects which are 
added to the Compton scattering. These effects appear as 
peaks on top of the scattering curve on th© spectrograms. 

Photons will be scattered from the aluminum backing on 



^3 



the source. In order to reach the detector they must be 
scattered at approximately l80*. Their enercy, calculated 
from hquatlcn b-, ehcuid be l85 '<cev which agrees closely with 
the first peak in the scattering reficn of the spectrograms. 
In order to reach th® detector these back-scattered photons 
must pass through the absorber; since pheters of this energy 
are more readily absoi*btd in lead, thtlr cortrlbution de- 
creases rapidly with increasing absorber thickness. 

The peak next lower in cner :y is due to the character- 
istic K x-ray from photoelectric absorption in lead. The 
energy of this x-ray is equ^al to the difference in energy 
between the K and L shell in lea. , havin , a value of 72 kev. 
The lead shield in the detector and th-- lead absorber will 
both contribute to the photoelectric peak. The internal 
contribution from the detector will again be closely propor- 
tiOFial to the unscattered radiation reaching the detector. 

The only photoelectric x-rays reaching the detector from the 
absorber will be due to the photoelectric processes occurring 
near the surface of the abserb.-r on th© detector side, since 
the x-rays originating away from th© surface of the absorbing 
material will be absorbed by the material. This is confirmed 
by th® slight Increase in the photoelectric peak when a thin 
absorber was used, as shown in Figure 3 . Therefor®, th© 
absorber contribution to the photoelectric peak is propor- 
tional to the amount of radiation penetrating the absorbing 
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isaterial. 

The lowest energy peak cn the spectrogracis only occurred 
v/hen there was r,o absorber, as shewn in Figure 2. This is 
due to the fact that this x-ray originated in the source. It 
is the characteristic barium K x-ray, caused by the photo- 
electric process occurring in the barium, which was formed 
during the disintegration of the cesium source. Due to its 
low energy of 31 kev, this x-ray is absorbed in small thick- 
nesses of lead and did not appear when any of the absorbers 
were in place. 

Two methods were used in determining the variatiors of 
gaiana ray flux with absorber thickness. Th© first method 
dealt with number flux and th second with cncAgy flux or 
intensity. 

If N(L) is the number cf photons of a particular energy 
which enter the detector crystal, then the veriaticn in II(L) 
with increasing absorber thickness can be determined by meas- 
uring tho count rate at a particular Cinergy point cn each of 
the spectrograms. Table 1 chows values of th® count rate 
versus absorber thickness for several energy points. 

Figure 12 is a sensi-logarithmic plot of the values shown 
in Table 1. The fact that the resulting curves tend to be 
straight linos Indicates an exponential variation cf count 
rate with absorber thickness, or that 

K(E) = . 
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Table 1. Variations of count rate, in 
with absorber thickness and 


counts per 
energy 


minute, 


Absorber 

thickness 

c/«»^ 


70 

k«v 


130 

kev 


195 

kov 


662 

kev 


0 


10500 


6000 


9800 


18800 


0.92 


10650 


5250 


7350 


17250 


1.82 


10500 


4950 


6300 


15900 


2.74 


9300 


4500 


5500 


14500 


3.64 


8850 


4350 


51C0 


12900 


4.56 


8250 , 


3750 


4950 


11850 


5.46 


7500 


37?0 


4350 


10300 


6.38 


7500 


3450 


4200 


9600 


7.28 


6900 


3380 


3900 


9200 


9.10 


6000 


2850 


3400 


7650 


14.70 


3600 


lo50 


1950 


4125 



The changes in the slop© «t th© different energy points shcvfs 
that the value of // is a function of energy. 

If 1(E) is the Intensity of the photons of a particular 
energy ran^s vhlch enter the detector crystal, defined such 
that 

1(E) = E N(E) , (12) 

then the variation In 1(E) with increasing absorber thickness 
can be determined, by measuring the area under the spectrogram 
curves for that particul«ir energy range. Values of area 
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versus absorber thickness for the unscsttered t62 kev peak 
and the photoelectric peak are shown in Table 2, The values 
or the areas obtained in this graphical Integration w«r© 
tabulated in square centimeters since only relative values 
were being considered. 



Table 2. Variation 


of peak areas with 


abserber thickness 


Absorber 

thickness 

_ 


Area under 

662 kev peak 

o 


Area under 

72 kev peak 

2 

cn 


0 


’ 457 


45 


0.92 


423 


48 


1.82 


3P0 


40 


2.74 


352 


39 


3«b4 


312 


36 


4. 56 


289 


32 


5*46 


267 


34 


6.38 


'^46 


29 


7-28 


219 


28 


9.10 


185 


25 


14.70 


104 


17 



When these values wore plotted on the scHii~logaritbmlc 
plot shown in Figure 13? the resulting curves were again 
straight lines, indicntlr.^ that 

I(r.) = I^(F.) . 



(13) 
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Since the slope of the curves in Figure 13 is the same as the 
slope of the curve in Figure 12 for the sane value cf energy, 
it is apparent that the value cf jjiE) is the same for the 
variation in both MU) and 1(E), 

B. Mass Absorption Coefficient 

In dot-:- raining ganma ray mass absorption coefficients 
it has been the practice to calculate or aeasure th® aacunt 
of unscattered radiation pen«tratini‘ a nat^^rial and give the 
results In the fora of tile slop® of the unscattcred abscrp~ 
tion curve for a particular energy, labl® 3 shows some values 
of ju ) for lead, which were determined by White (22) and are 
considered to be accurate. 

The value of ^ for a c62 kev garjaa ray was calculated 
to b© 0*106 using Lquation 1, 5 and 9* Since those equations 
were simplified, this calculated value was not expected to 
be exact. 

It has been shown that tho peak helcht cf the 662 kev 
peak in the spsetro Trams is a measur© cf th® unscattered 
gamma radiation which penetrates tho absorber. Therefore, 
the slope of the 662 kev curve in Figure 12 or Figure 13 
should be a direct measure of the gamma ray mass absorption 
coefficient in lead. The thickness of rrquired tc re- 

duce the gamm ray Intensity to one half the initial value 

p 

was doteriTilned to be 6.S g/cm". This gave a value for ^ 
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Tabl« 3* Oanaa ray mass absorption coefficient,^ , for 
lead, in cm^/g (after G, R. White) 



Energy 

Mev 






ca /« 


0.04 






9.76 


0.05 






5.19 


0.06 






3.15 


0.08 






1.4l 


0.08823 


K edge 




1.09 


0.03823 


K edge 




7.42 


0.10 






5.29 


0.15 






1. ^ 


0.20 






0.896 


0.30 






0.356 


0.40 






0.208 


0.50 






0.145 


0.60 






0.114 


0.80 






0.0836 


1.00 






0. 0684 



of 0.102. 

In order to compare the experimentally deterialned value 
of jj with accepted values of jj for lead, a logarithmic 
graph of the values from Table 3 was plotted in Figure lU, 
When the experimental value was plotted on this graph it 
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Figure l4. Mass absorption coefficients of gamma rays in lead determined by G. 
White, showing location of experimentally determined value 



5 ^ 



fell exactly on the curve of accepted values. 



C. Energy Buildup Factor 



In calculations of the attenuation of gacuaa radiation, 
th© results are noreially given as buildup factors. This is 
th© factor which, when isultipiicd by the unscattered contribu- 
tion, will give the total contribution of the gaacaa radiation. 

In the experimental deterniaatien of buildup factors, 
it has been the usual practice to use ti^jo measurements. 

First, the narrow beam attenuation is found using a highly 
collimted beam of ssonoenergetic gasana rays and a colliisated 
detector. Then the broad beam attenuation is found using 
csonocnergctlc garana rays without collimatlon. Tho nunbe* 
which must multiply the narrow btan attenuation in order to 
obtain the broad bean attenuation is the buildup factor. 

There are various buildup factors. The nuiabe.r buildup 
factor is given by 




( 14 ) 



where the superscript® refers to the photons which have not 
suffered a collision. The corresponding energy buildup factor 
Is given by 
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( 15 ) 



So»o values of th© energy buildup factor in lead which were 















LUl 



14 



44 un 



44 mHk 



•il 






%i« 41* 44 



41 



4M «4»lt 

%4l nC 
AM 44i M 

Ml •#tU% 




I 



4T*t 



n 



)4 4iM 



I 4l 



imJfM ^41 MBA |44 



« 9^ ml MllMBMfB iM4 «44 iMB.KlM 



If 






A MH4 M ^ f44««3 








^1 




14 Mfll 4^ 







MMIM W4 








55 



calculated by Goldstein and Wilkins (5)» are shown in Table 

4. 

In order to determine the energy buildup factor experi- 
mentally it is necessary to determine the values of Jl®dE 
and JidE. It has been previously shown that Jl®dE for the 
cesium source can be determined from the area under the 662 
kev peak of the spectrograms. However, the value J^IdE can- 
not be determined from the total area under the spectrogram 
curve due to the contribution of the internal effects of the 
detector. Ihorefor©, in order to determine Bg, it was neces- 
sary to make several assumptions. 

It was previously shown that the variation in the con- 
tribution of the effects occurring in the lead shield in the 
detector is approximately the same as the variation of photons 
of source energy. Therefore, if the total area under the 

Table 4. Energy bullduu factor, Bp, in lead [after Goldstein 
and Wilkins (5)J 





*05 

Mev 


o > 


1 


1.24 


1*37 


2 


1.39 


1.65 


4 


1.61 


2.12 


7 


1.84 


2.71 


10 


2.04 


3*28 


15 




4,17 



i^rl 
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spcctrcgram in B’iguro 2 is considered as the unscattcred 
contribution of the source photons, then the area of the un- 
scattcred contribution in the succeeding spectrograms should 
vary as the 662 kev peak. This means that 



There arc two major discrepancies in this assumption. The 
barium K x-ray peak and the 180’’ back scattering peak do not 
vary as the unscattcred radiation. Since both of these ef- 
fects appear as peaks on*- the scattering portion of the spectre 
gram curves, those discrepancies can be corrected by sub- 
tracting the areas of the peaks from the total area under the 
curve. 

Taking the first assumption into account, it can now be 
assumed that the total area under the apectregram curves is 
a measure of the total contribution of the gamma radiation. 
There is a discrepancy in this assumption due to the internal 
detector scattering of the scattered gamma radiation from the 
absorber. However, this is a second order effect and can foe 
neglected for small scattering contributions. 

Uaing these* two assumptions, it is now possible to 
determine the energy buildup factor from the equatioii, 




( 16 ) 




(17) 



The experimentally determined values of A, A®, 



and Bj, are 
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shown in Table 5 * 

When the calculated values of Bj, from Table 4 , and the 
experimental values of Bg from Table 5 were plotted versus 
absorber thickness in Figure 15 » the experiment curve ap« 

Table 5 » Areas under spectrogram curves and exporlmentally 
determined values of energy buildup factor In lead 



Absorber 

thickness 

£/«B^ 




A 

cin 


CIS 




0 


0 


150.4 


150.4 


1.00 


0*92 


0.0938 


, 141.5 


137.5 


1.03 


1.82 


0.185 


130.6 


124.8 


1.05 


2.74 


0.279 


122.5 


113.5 


1.08 


3.64 


0.371 


113.5 


103.5 


1.09 


4. 56 


0.465 


106.0 


94.2 


1.13 


5.46 


0.556 


99.5 


86.0 


1.16 


6.38 


0.650 


92.9 


73.3 


1.19 


7.28 


0.742 


87.1 


71.4 


1.22 


9.10 


0.928 


76.7 


59.2 


1.30 


14.70 


1.50 


45.6 


33.^ 


1.37 



peared in the proper location* This indicates that the 
experimental values of determined by this method are 
fairly accurate for absorbers of the thicknesses considered. 
It is suspected that the neglect of the second order scatter- 
ing in the detector would cause this method of deterraina- 
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tlon to becone inaccurate with absorbers of greater thick 
nesses. 



n 




I 



60 



V. COICLUSICI^S 

1. Th© U3© of the scintillation detector and the 
scintillation spectronetcr provides a rather simplified ssethod 
of studying attenuation of gamma radi.aticn. 

2. The value of th© isass ahsorption coefficient, ob- 
tained by this method, was quit© accurate. 

3* Values of the energy buildup factor, obtained by 
this method, appeared to be fairly accurate for the thick- 
nesses of lead which were investigated. 
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